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(57) Abstract 



The invention relates to a bipolar 
plate (I) consisting of a chromium 
oxide-forming alloy with an electrically 
insulating, corrosion -reducing layer in 
the region of the gas guiding surfaces 
(3). Said layer has a mixed oxide layer 
on the electrode contact surface (5) to 
improve the conductiiivy and reduce the 
evaporation rate. The invention also relates 
to a process for producing the bipolar 
plate in which a chromium oxide-forming 
alloy is used as the plate material and an 
electrically insulating, corrosion-reducing 
surface coating is applied in the region 
of the gas guiding surfaces. The surface is 
then electrochemicatly coated with metals 
from which is formed an oxide layer of 
high conductivity and low evaporation 
rate in comparison with the chromium 
oxide-forming alloy when used in the fuel 
cell. The Invention also relate i to a plate consisting of a 
the region of the electrode contact surface. 




chromium oxide-forming alloy with cobalt, nickel or iron enrichment layers in 
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(57) ZuMmmcnftoung 

Die Erfindung bezteht sich auf eine bipolare, bus cincr chromoxidbildenden Legierung bestehenden Plane (I) mit cincr 
Kjonosio ns effektc vermindeniden, clcktrisch isolierenden Schtcht im Bereich der OasleitAfichen (3). Diese welst eine auf der 
Etektrodenkomaktflftche (5) bcflndlichc Mischoxidschicht zur Erhohung der Leitfahigkeit sowie Verringerung der Abdampfrate auf. Dei 
weitcren bericht sich die Erfindung auf ein Vcrfahren rur Herstellung der Wpolaren Platte, be) der ats Plattenmateriai eine chromoxidbildende 
Legierung verwendet und eine elcktrisch Isolierende, Kom»lonseiTe)cte verratademde Oberrlflchenbeschiditung im Bereich der Gasleitflfichen 
durchgefuhrt wird. AnschHeBend wird die Oberflflche mit Metallen, aus denen sich eine Oxidschicht mit hftherer Leitftthigkeit und geringerer 
Abdampfrate im Vcrgleich zur chromoxidbildenden Legierang bei Einsatz in der Brennstoffzelle bildet, dektrochemisch beschichtet. Femer 
bezieht sich die Erfindung auf eine aus einer chromoxidbildenden Legierung bcstehenden Platte mit cincr schichtfdrmigen Anreicherung 
mit Kobalt, Nickel oder Eisen im Bereich der Elektnxienkctfttaktflache. 
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FILE, WfHftTHIS AWEWOCO 
WO 97/23006 ^ TRANSLA TI0N PCT/DE/02366 

Selectively Coated Bipolar Plate 

The present invention relates to a bipolar plate for a high-temperature fuel cell, said plate 
consisting of a chromium oxide-forming alloy with a corrosion-reducing layer in the region of 
the gas guiding surfaces, and a process for producing this plate. A bipolar plate of this kind 
and a process for producing it are described in DE 44 10 71 1 CI. 

A high temperature fuel cell (solid oxide fuel cell - SOFC) permits the direct conversion of 
chemical energy into electrical energy. The fuel (H 2 , CH 4J CO, etc.) is separated from an 
oxydizing agent (0 2 , air,) by a solid electrolyte (Y-stabilised Zr0 2 ) that conducts oxygen. At a 
cell-operating temperature of approximately 950°C, oxygen ions are conducted from the 
cathode side through the electrolytes that react with the fuel at the anode. Because of charge 
equalisation, a stream of electrons flows in the same direction. 

In order that these reactions can proceed at sufficiently high levels of conversion, the 
electrolyte must be coated with porous electrolyte materials that act catalytically. Generally 
speaking, the anode (fuel side) consists of an Ni/Zr0 2 -cermet and the cathode (oxygen side) is 
of LaMn perovskite. 

The voltage that can be tapped off from a single cell is extremely low (less than IV). Because 
of this, several cells have to be connected together; thus, an additional cell component, namely 
the bipolar plate (also referred to as the interconnector) is needed in order to be able to use 

1 
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SOFC technology for generating current. In contrast to the electrolytes and the electrodes, 
which are in the order of 100 \im thick, in the SOFC flat cell concept that is discussed today, 
the bipolar plate is several millimetres thick and thus forms not only the gas-conducting 
connecting element between the individual cells, but also the supporting component for the 
cell (EP0338 823 Al). 

At operating temperatures of up to the order of 1000°C, the bipolar plate must possess the 
following properties: sufficient mechanical strength, impermeability to gas, simple (cost 
effective) production, thermal expansion that is close to that of the ceramic material used for 
the electrodes, good electrical conductivity, resistance to corrosion in the oxidizing gas (air) 
and with the fuel (H 2 0/H 2 ), and compatibility with the materials used for the electrodes. It 
must also be simple and economical to manufacture. 

At the present time, two groups of materials are considered for bipolar plates: ceramics based 
on LaCr0 3 and metallic high-temperature materials. Recently, because of their greater 
strength, better electrical conductivity, and the fact that they are simpler to machine, the latter 
are being favoured. Because of the resistance to hot-gas corrosion that is required, only high 
temperature materials that form Cr 2 0 3 or A1 2 0 3 are considered. In this regard, generally 
speaking alloys that are based on NiCr or FeNiCr are not considered because their coefficients 
of thermal expansion are too high (s 20 • 10* 6 k* 1 compared to 10 ■ 10" 6 k" 1 for 
electrolye/electrodes) in the light of today's knowledge. 
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In general, it can be stated that alloys that form A1 2 0 3 with a very low layer growth exhibit 
better resistance to corrosion than alloys that form Cr 2 0 3 However, because of the formation 
of the A1 2 0 3 , problems occur because of increased transitional resistance at the contact points 
between the bipolar plate and the electrodes. For this reason, alloys that form chromium oxide 
5 are used as material for the interconnector, with the alloys that are based on Cr or Fe Cr being 
preferred above the others. These entail the additional advantage that their coefficients of 
thermal expansion are very small. However, the thicker oxide layers, which form relatively 
rapidly, are not mechanically stable. They chip off and can thus restrict the flow of gas into the 
gas channels over a longer period of operation. In addition, the thick layers of Cr 2 0 3 that form 
10 after longer periods display low electrical conductivity, and at high oxygen pressures (such as 
those on the cathode side) they form volatile chromium oxides or hydroxides that contaminate 
the cathode or the cathode/electrolyte boundary surface. 

In order to solve the problem of the mechanically unstable oxide layers that form, DE 44 10 
15 71 1 CI proposes using an alloy that forms chromium oxide as the material for the bipolar 

plate. In the region of the gas-conducting surfaces, the alloy is provided with a protective layer 
of aluminum. At the high temperatures that prevail within the fuel cell, the surface of the 
aluminum layer is converted to a layer of A1 2 0 3 . The A1 2 0 3 reduces the corrosion effects. 

20 However, in the case of this bipolar plate, the disadvantageous effects of the chromium oxide 
layers that form in the region of the contact surfaces between the electrodes and the bipolar 
plate have to be accepted as they are. 

3 
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It is known from DE 42 42 570 Al that in addition to the alloys that are based on FeCr and 
Cr, a mixture of CrNi alloy and 50 to 85% by weight (relative to the mixture) of oxide ceramic 
can be used as the material for the connectors, said oxide ceramic consisting in particular of 
silicon oxide or aluminum oxide; this also serves to adjust the coefficients of thermal 
5 expansion. However, the document makes no mention of any special details of the 
embodiment or its potential behaviour as a bipolar plate. 

Even in the case of this bipolar plate, it is to be expected that chromium oxide layers with the 
above discussed problems will occur. 

10 

It is the task of the present invention to create a bipolar plate that, in addition to being simple 
to manufacture, is resistant to oxidation, exhibits good conductivity at the boundary surface 
with the electrodes, and exhibits a low evaporation rate with respect to volatile chromium 
oxide/hydroxides. 

15 

This problem has been solved by a bipolar plate with the features set out in the apparatus 
claims. Advantageous configurations are set out in the secondary claims relating thereto. This 
problem has also been solved by a process having the features set out in the process claim. 

20 The electrode contact surface is the boundary surface between the bipolar plate and the 
electrodes. 



4 



CA 02240270 1998-06-09 

WO 97/23006 PCT/DE/02366 

A mixed-oxide layer to enhance conductivity and reduce the rate of evaporation can be 
achieved, for example, by applying a thin layer of a metal or metallic oxides that form a mixed 
oxide (e.g., of the Spinell type) on the oxide/gas boundary surface when used at the high 
temperatures with Cr and/or Cr 2 0 3 . This mixed oxide must exhibit a lower rate of evaporation 
5 than Cr 2 0 3 and, in addition, must increase the electrical conductivity of the Cr 2 0 3 by 
incorporating metal ions into it. 

Metals or their oxides that are suitable for this purpose are, for example, Ni, Co, or Fe, with 
nickel having the greatest effect on the electrical conductivity of Cr 2 0 3 . 

10 

The metals or their oxides can be applied, for example, by the usual PVD or CVD process. In 
addition, a cost-effective process for metals is galvanic deposition or electroplating. 

According to the main claim and the related secondary claims, a corrosion-reducing, 
15 electrically insulating layer is provided in the region of the gas guiding surfaces. The fact that 
this layer is electrically insulating permits--in a very simple manner-selective production of 
different protective layers on the bipolar plate, these layers possessing optimal properties with 
reference to the demands that are made. For example, in the region of the gas guiding 
surfaces, it is possible to provide an A1 2 0 3 protective layer that displays excellent corrosion- 
20 reducing properties. In addition, the fact that this layer is also electrically insulating makes it 
possible to apply a different protective layer in the region of the electrode contact surfaces 
and, most advantageously, to do this by using a simple, electrochemical process. Thus, it is 
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possible to apply an additional protective layer with other physical properties, namely 
electrically conductive properties, in the region of the electrode contact surfaces. 
Using the present process in order to manufacture a bipolar plate, a suitable chromium oxide 
forming alloy as described in DE 44 10 71 1 CI is coated in such a way that a surface coating 
is effected in the region of the gas conducting surfaces, this coating being an electrical 
insulator and reducing corrosion. 

Such coating can be effected, for example, in the form of an a A1 2 0 3 surface coating in the 
region of the gas guiding surfaces. 

To this end, for example, the surface of the bipolar plate is enriched with aluminum. The 
enrichment layer is pre-oxidized at temperatures o£ for example, 1000°C so that A1 2 0 3 forms 
over the whole surface of the interconnector. The oxide layer and the zone enriched with 
aluminum are removed from the surfaces of the ribs of the bipolar plate (i.e., from the surfaces 
that are in contact with the electrodes) by means of a conventional grinding process. 

The thickness of the layer should amount to a few urn. It is especially preferred that the layer 
be from 1 to 3 nm thick. 

Next, the surface is electrochemically coated with metals that form an oxide layer of increased 
conductivity and a reduced evaporation rate as compared to the alloys that form chromium 
oxide when used in the fuel cell. Coating is effected using an electrochemical process in order 
that no more coating takes place in the region of the gas guiding surfaces. This is done, for 
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example, by galvanic coating. Suitable metals are, for example, Ni, Co, or Fe. The result is 
layered enrichment in the sense of the subordinate apparatus claim. 

It is preferred that a thin layer of, for example, approximately 1-10 urn, and in particular 1 - 3 
5 urn be deposited electrochemically. Because of the fact that there is a layer with electrically 
insulating properties present on the walls of the gas channels, no metallic deposition takes 
place at these points. Deposition is effected only on those parts of the bipolar plate that are 
metallically bare, in other words, on the surfaces of the ribs (electrode contact surface is), as 
desired. 

10 

Using this process, a selectively coated bipolar plate is produced, this consisting of an alloy 
that forms chromium oxide. In the region of the gas guiding surfaces, this plate has a 
protective layer that reduces corrosion effects and which is an electrical insulator. As an 
example, this can be a thin layer of A1 2 0 3 . For the remainder, it is covered with a metallic 
1 5 coating on the electrode contact surfaces. Iron, nickel, or cobalt are considered since these 
modify the physical properties of the Cr 2 0 3 , as is desired. 

Chromium, NiCr, FeCr, and chromium-nickel alloys are suitable as materials for bipolar plates. 
However, it is preferred that chromium or iron-chromium alloys be used. An enrichment layer 
20 on the walls of the gas channels, consisting of aluminum, should be between 20 and 200 \im 
thick, and in particular 50 to 100 \xm thick. The metallic layer on the surfaces of the ribs 
should be from 1-10 |iim and in particular 1-3 jim thick. 
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According to one aspect of the present invention, 
there is provided a bipolar plate for use in solid oxide 
fuel cells with a gas guiding surface and an electrode 
contact surface, comprising a chromium oxide -forming alloy 
5 with an electrically insulating, corrosion- reducing surface 
layer which is enriched with aluminium in a region of the 
gas guiding surface, characterised by a mixed oxide layer 
which is located on the electrode contact surface containing 
chromium and at least nickel, cobalt or iron and which has a 
10 higher conductivity and a reduced evaporation than the 
chromium oxide -forming alloy. 

According to another aspect of the present 
invention, there is provided a process for manufacturing a 
bipolar plate for use in solid oxide fuel cells with a gas 

15 guiding surface and an electrode contact surface, comprising 
a chromium oxide- forming alloy as a plate material, and 
comprising an electrically insulating, corrosion-reducing 
surface layer which is enriched with aluminium comprising 
the steps : removing the zone enriched with aluminium in the 

20 region of the electrode contact face, coating the electrode 
contact faces with at least nickel, cobalt or iron, forming 
a mixed oxide layer on the electrode contact surface 
containing chromium oxide and at least one of the elements 
nickel, cobalt or iron, this mixed oxide layer has a higher 

2 5 conductivity and lower rate of evaporation than the chromium 
oxide- forming alloy. 
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The present invention will be described in greater detail below on the basis of the drawings 
appended hereto. These drawings show following: 

Figure 1 : a cross section through a bipolar plate arranged between anode and cathode; 
5 Figure 2: a section of a bipolar plate and the individual steps involved in selective coating. 

Figure 1 shows the bipolar plate 1 that is of a chromium oxide-forming alloy for temperatures 
2>900°C and of a ferritic steel with 12 - 35%-wt chromium for temperatures <; 900°C. The 
typical shape (a plate that is a few millimetres thick, with gas channels) can be manufactured 

10 from sheet metal using metal-cutting processes, or by means of a near-net-shape process using 
a powder-metal method (MM, WPP). The ribs 2 on the plate 1, which form the side walls 3 
of the gas channels 4, are first machined so as to be slightly higher than is desired in the end 
form (Figure 2a), in order to take into account the subsequent removal of Al-enrichment layers 
7 and oxide layers 8 on the contact surfaces 5 between the bipolar plate 1 and the electrodes 6 

15 (face surfaces). 

The bipolar plate produced in this way is subjected to a conventional alitizing process. To 
this end, the plate is aged in a powder mixture made up of an inert material (e.g., A1 2 0 3> 90%), 
a chloride/fluoride activator (e.g., NaCl, NH 4 C1, 5%, and Al powder (5%) at an elevated 
20 temperature (600 - 1300°C) in a protective-gas atmosphere (e.g., argon). Typical alitizing 
conditions would be 3 hours at 1000°C. This produces an Al-enriched zone 7, as in Figure 
2a, on the surface of the plate (face surface 5 of the ribs and walls 3 of the gas channels). If an 
alloy based on chromium is present, then, for example, intermetallic phases of the Cr 5 AJ 8 or 

8 
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Cr 4 Al 9 type will be formed. Different alitizing techniques or other methods can be used to 
enrich the surface with aluminum should this be desirable for reasons of process technology, 
e.g., in the case of CVD, PVD, or mechanical coating. 

After aluminum enrichment, the pre-oxidation shown in Figure 2b is effected in order to 
former a thin A1 2 0 3 layer 8 on the surface of the interconnect (e.g., by oxidation in air at 
1000°Cfor 1 hour). 

The A1 2 0 3 layer and the aluminum-enriched layer 7 are removed from the face surface 5 of the 
ribs 2 by simple area machining (e.g., grinding). The original over-size dimensions of these 
areas takes the thickness of the material to be removed by grinding into account. The over-size 
dimensions must be greater than the thickness of the A1 2 0 3 layer 8 plus the depth to which the 
the aluminum penetrates into the aluminum-enriched zone 7 (See Figure 2c). 

This is followed by coating (coating thickness 1 - 10 and in particular 1 to 3 ^m) with Ni, Fe, 
or Co, using an electrochemical process (e.g. galvanic deposition). Because of the A1 2 0 3 layer 
that is present on the gas channels walls, no metals is deposited in these places. As desired, 
deposition takes place only on the surface of the ribs 5, i.e., at the boundary surfaces between 
the interconnector and the electrodes (Figure 2d). This means that, in its final form, the 
bipolar plate has a thin layer 9 of metal (nickel, iron, cobalt) on the base material (e.g., alloys 
based on chromium or ferritic FeCr alloy) on the face surfaces 5 of the ribs 2, whereas on the " 
walls" of the gas channels there is an aluminum-rich layer 7 that is covered with a thin A1 2 0 3 
layer 8. 

9 
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Under operating conditions ( approximately 950°C in air/0 2 or in H 2 /H 2 0 , or in other fuel 
mixtures, the bipolar plate produced in this way forms the desired layer that is based on Cr 2 0 3 
on the surface 5 of the ribs 2 (i.e., at the contact points with the electrodes); this layer is 
enriched with Fe, Ni, or Co and is covered at the boundary surfaces with the gas with a mixed 
oxide (e.g., CrNi, Cr/Co or Cr/Fe-Spinell), whereas A1 2 0 3 continues to grow on the walls of 
the gas channels. 



10 
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CLAIMS: 

1. A bipolar plate for use in solid oxide fuel cells 
with a gas guiding surface and an electrode contact surface, 
comprising a chromium oxide- forming alloy with an 

5 electrically insulating, corrosion-reducing surface layer 
which is enriched with aluminium in a region of the gas 
guiding surface, characterised by a mixed oxide layer which 
is located on the electrode contact surface containing 
chromium and at least nickel, cobalt or iron and which has a 
10 higher conductivity and a reduced evaporation than the 
chromium oxide- forming alloy. 

2. A bipolar plate according to Claim 1, in which the 
mixed oxide layer that is located on the electrode contact 
surface is less than 3 ixm thick. 

15 3. A process for manufacturing a bipolar plate for 

use in solid oxide fuel cells with a gas guiding surface and 
an electrode contact surface, comprising a chromium oxide- 
forming alloy as a plate material, and comprising an 
electrically insulating, corrosion-reducing surface layer 

20 which is enriched with aluminium comprising the steps: 

- removing the zone enriched with aluminium in the 
region of the electrode contact face, 

- coating the electrode contact faces with at 
least nickel, cobalt or iron, 

25 - forming a mixed oxide layer on the electrode 

contact surface containing chromium oxide and at least one 
of the elements nickel, cobalt or iron, this mixed oxide 
layer has a higher conductivity and lower rate of 
evaporation than the chromium oxide-forming alloy. 
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Figur 1 
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Figur 2a 




Figur 2b 
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Figur 2d 



